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Introduction

The goal of this paper is to review the aspects of cognitive
science that appear to relate best to efforts to use
electrical and magnetic recording to understand the function of
brain systems. To meet this goal it is important to understand
the changes that have taken place in recent years, both in our
understanding of brain function and in our understanding of
cognition, It is on the latter changes that I plan to
concentrate in this paper.

The term cognitive science relates to efforts by students of
psychology, linguistics and artificial intelligence, among
others, to produce a fundamental analysis of natural and
artificial intelligence. This area is of enormous breadth and
there would be no possibility of a thorough review here, Instead
I first attempt to develop a framework which describes work in
cognition at several levels of analysis most appropriate for the
goal of developing a relation to underlying neural systems. I
then then analyze recent work on spatial attention in more detaiil

as a model use of the frameworkx to guide integrative research.




Framework

Figure 1 provides an overall framework of five levels tnat
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seem to me to provide a basis for establishing empirical
relationships between complex cognitive activity and brain
systems. In the history of research on localization of function
from the time of phrenology to the present there has been
greatly oversimplified conceptions of cognition, Phrenology
sought to localize very general mental faculties or cognitive
traits that might wunderly the ability to compose music,
play chess or perform some other complex skill,
Following the development of behaviorism, the study
of cognition was often confined to what could be observed in
overt behavior, or with the aid of a very few simple
internal constructs, mostly motivational, that tied internal
systems to overt behavior. This approach stiil dominates in the
study of behavioral neuroscience.

In the last twenty years, complex cognitive tasks
such as playing chess, reading, or manipulating visual images,
have been subjected to detailed analysis. 1In his study of
imagery, for example, Kosslyn (1980) postulates twelve elementary
mental operations such as picture, find, put, image, regenerate,
look for, scan. For example, the scan function performs the
operation of “moving all points in surface matrix along a vector;
fills in new material at leading edge via an inverse mapping

function.” Each operation performs a specific cognitive




function.
When these mental operations are concatenated in a flow
diagram, one has a computational model in the sense that it !
should allow a computer to perform the prescribed imagery task.
Kosslyn uses as an example the task of exanining whether an
image of an automobile does or do-s ot contain a spare tire.
In recent years some aspects of tasks such as reading

(Rummelhart & McClelland, 1982) have been analyzed in terms of

computational models. These models, show that the set of
elementary operations proposed by the model are sufficient to
produce the cognitive performance described. The top two levels
of Figure 1 are at the level of cognitive science in that they
deal with efforts to provide a sufficient basis for an
electro-mechanical system to perform the type of cognition 1isted
{(e.g., chess playing or imagery). They do not necessarily tell
us how a human mind, still less a human brain, performs these
operations, Nonetheless, these computational models provide us
with a way of analyzing cognition that shows very clearly that
cognitive tasks may be viewed as consisting of elementary
operations which are combined in compliex programs to solve the
overall task.

In order to convert the abstract elementary operations
of cognitive science to an analysis of human mental processes
it is necessary to examine the components of these operations.
Many such operations have been examined by chronometric

experiments (Posner, 1978). These chronometric experiments

require human subjects to perform elementary operations such




as "scanning a list", "matching items”, "zooming", postulatea by
the cognitive models. Such experimental studies have shown
evidence of time locked component facilitations and inhibitions
that occur in the process of performing these elementary
operations, For example, suppose a person is required to scan a
Tist of digits to determine if a single probe digit is a member
of a previously presented list (Sternberg, 1966). The underlying
processes could be examined by measuring the reaction time to
respond “"yes" or "no" as a function of number of items in the
list, This analysis allows a detailed exmination of a mental
operator similar to one posited by many computer programs that
require comparing a target with items stored in a list. If a
human being is required to perform this task it takes
approximately 30 milisec per digit as the length of the 1ist is
increased from 1 to o6 digits.

The time locking of this putative comparison operation is
impressive. Moreover, we know that the activation of any item
during the comparison process produces a facilitation in
processing items that are similar to it (Posner, 1978). For
example, as the subject thinks about the digit 3 he potentiates
the efficiency (e.g., speeds reaction time or reduces threshold)
with which that visual digit is handled. 1In addition, we also
know that when one attends actively to a digit, there will be an
inhibition in the processing of items not sharing that pathway
(Neely, 1977}. Thus, the elementary operation involved in comi-
paring the probe digit with items in store may be studied 1in

terms of time locked facilitations and inhibitions that affect




probed responses. Some mental operations, including matching,
naning, rotations, zooming, have been studiea in terms of
component facilitations and inhibitions. The results provide

a psychological or information processing account of the
underlying mental events involved in the task. These operations
take place in real time and at a much slower rate than would cf
the case for existing computer sytems.

Some psychologists and philosophers have stressed the
sufficiency of this kind of component analysis in providing a
basis for information processing models of cognition. They argue
it is unneccessary to go further and ask tc what extent are
neural systems related to such components. However, other
psychologists, including most readers of this journal, do wish to
go further.

Indeed there is reasonable evidence that components of the
event related potential are systematically related to such
component operations, For example, in 1978 [ reviewed evidence
that the time for release of the P-300 was related to the cegree
of priming or activation of an underlying psychological pathway.
Evidence since then (Duncan-Jdohnson & Donchin, 1982) has shown
that the latency and amplitude of the P-300 is systematically
related to the benefits obtained in priming a pathway by a
pre-cue, There is a good deal of independence between the degree
of P-300 change and changes in reaction times with cuing,
suggesting that the P-300 indexes somewhat different mental
processes than are indexed by reaction time,

Naatanen (1982) has shown that systematic neqative shifts in




the event related potential can Le associated with the direction
of the subject's attention. For example, if sutjects are
attending to the right ear, stimuli on that ear will show a
negative shift with respect to stimuli occurring on an unattencec
channel (e.g. left ear) that takes place apprcximately 100
nmillisec after input. Naatanen argues that the latency of these
negative shifts depena upon the extent of processing prior to
reaching a level at which attention is directed., If attention is
directed to a more complicated aspect of stimuli, e.g.,
frequency, the negative shift will occcur later than if it is
directed toward ear of entry. Harter and Guido (1980) have shown
systematic negative shifts occurring about 200 msec for visual
stimuli that match the spatial frequency to which the subject's
attention has been directed. Since we know that attending to a
particular pathway will activate that pathway (McLean & Shulman,
1978) it seems reasonable to suppose that the processing
neqativity discussea by Naatanen is, in fact, a brain sign
related to the facilitation obtained in chronometric
experinments.

This assumption has a number of remaining difficulties.
Most of the performance priming experiments use a trial by
trial design., The prime is introauced at the start of the trial
and a subsequent target on that trial is shown to be affected by
the prime. However, most of the work reviewed by Naatanen
requires successive presentation of a nunber of stimuli and
indeed, the negative shift is reduced or lost when there is a

long time between successive irputs, Most of the chronometric




experiments seem to indicate that facilitation can occur either
automatically from the presentation of the stimulus itself or
from an act of attention. Naatanen suggests, althcocugh his
experiments do not prove, that attention is the necessary
condition for the negative shifts found in the EZ5.

The very suggestive work from the EEG can now be
supplemented by other methods of relating component facilitaticns
anc inhibitions tc brain systems. These other methods include
magnetic potentials,, study of blood flow, and the study
the effects of brain lesions. For example, Knight, H4i11 “d,
Woods & Neville (1980) have shown that lesions in the pa 1¢ il
lobe will affect the cegree of processing negativity obtained
when subjects are instructed to attena to one ear rather than the
other,

In the case of attention to visual Jocations there are also
data available from single cell recording that do appear to
converge upon our effort to relate component facilitations
to underlying brain systems. During the last fifteen years
neurophysiologists have teen able to record from single cellis in
alert monkeys doing cognitive tasks. Summaries of this work
(Wurtz, Goldberg & Robinson, 1980) indicate that single cells in
the posterior parietal lobe of alert monkeys show a phenomencn
called selective enhancement. Such ceils show enhanced rates of
firing when a target occurs in their receptive field and
attention is directed toward that receptive field as compared

to conditions when a target occurs in their receptive field and
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attention is directed elsewhere. Selective enhancerent to snirvte
of covert attention (unaccompanied Ly eye movements) dJces nct
occur in cther areas of tre brain such as frontal eye fielcq,
striate cortex, or superior colliculus. The convergence cf
evidence from processing negativity stucies using EEG reccrcing
and frorn the single cell results suggests that an uncerstanding
¢f the conponent processes involved in crienting attenticn t¢
ncsitions in space may te a particuiarly gcod one for testing tne
overall framework outlined in Figure 1,
Covert Adrienting

One cognitive operation that we have in comrmon with other
animals is the ability to shift attention from position to
position in the visual field. This activity is cognitive in the
sense that it requires an alert organism in active contact with
its environment, Morecver, this operaticon of shifting attenticn
is a very important component of a number of cognitive modeis.
For example, Kossliyn's (1980) scan mechanism allows a shift of
attention spatially from one part of the visual imace to ancther,
Similarly, models of the visual system (Feldman, 1982; Treisran
& helade, 1980) postulate an ability to bring attention to any
location thus making available mental apparatus allowing more
complex computations that can be performed in parallel across the
visual field, This is often done by overt movements of the head
and eyes which align the fovea with the area of the visual fielc
of interest. rnowever, in recent years it has been shcwn that it

is possible to direct visual attention to a location within the




visual fiel¢ without any overt orientation o1 heaC and eves
(Posner, 1980) Such cecvert orientince of attertion can Le meaczire:
by chances in efficiency, particularly in the latency and
threshold for detecting events that occur at trne 1gocation to
which attention has teen c¢irectec in compariscrn to ather
Tccations of sinilar eccentricity ir the visual fielc.

iy colleacues anc I (Posner, 1930; Posrer & Cohren, 15%5&4;
Posner, Lchen & Rafal, 1%82; Posner, YWialker & Friecrich & Rafal,
in press) have studiea a very simple task which emtodies many cf
the features of covert orienting. In this task, tre sut.ject's
eyes are fixated at a central location on a cathcde ray tube. At
the beginning cf each trial, & cue is presentec by Lrighteninc
a square located 7 onegrees to the left or right ¢f tixation, The
cue remains present for 150 msec, Following the conset ¢f tne cue,
a target stimulus is presernted either at the cuec lccaticn or on

tihe cppcsite side of the CRT. The results of a typica'® experiment

cf this tyne is shown in Figure 2. The X axis indicates the tire

nsert Figure 2 about here
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tetween onset of the cue and the target. ?Plotteda cn the Y axis
is the reaction time to respond tc a target. The top two lines
{saquare symbols) are from the first day in which the target was
equally likely to occur on the cuea or uncued side, Since this
is the first day, subjects are a bit slower than on the seccnd
day. The results show clearly the rapid aavantace in reaction
time for the cued side (solid squares) over the uncued side

(open squares) that begins about 5) after the cue and remains




present over the entire interval except at the 14sSt p0int where

there 1s a slight crossover., Subtjects are systeratically faster
on the cuea sicde than on the uncuec srce., The circles show
ceraitions when the cued sice has a probability .5 of gettinc a

taryet. dnder these conditions, tre subjects are alsc faster on
tre cued sice (solid circlies; tran the uncued sige (open circles;
and reixain so thrcughout the intervai., Even when the cue
signifies that the target is unlikely {.2) to cccur on the cued
sice {triancles) there is a temporary facilitatior or the sige of
the cued (solid triangles) that is replaced after 300 milliisec oy
an advantage to the side which has the higher probability of the
tarcet (uncuec side, open triangles),

What do these results indicate? First, the advantage of the
cued side over the uncued side arises because the subject's
attention is drawn toward the cue, There is evidence in the
lTiterature supporting this explanation, since siniiar advantaces
are focund when the cue is a central arrow, which indicates the
side likely to get the target stimulus (Jonides, 1981l; Posner,
198C). There does not need to be any peripheral energy change to
obtain this result, although such an energy chanoce is an
efficient way of summoning the subject's attention. Figure 2 alsc
illustrates this point because when the probability is .8 tnat
the detection stimulus will occur on the uncued side, after 300
millisec subjects show a strong advantage in reaction time to
targets on the uncued sige, 1Indeed, there is also evidence that
suggests that the reaction time advantages which we show for cueq

targets are also accomzunied by i reduction in the thresholg for
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detecting such targets (Bashinski & Bachrach, 1980), The use
of central cues or prcbability differences show that the
facilitation involves a mechanism that can either lLe pulled by a
cue at tie target location or directed from a cue that merely
provides information about the target location,

1 second point is the impressive time lockinc orf the
change in efficiency to presentation of cues. Time locking is
very important if we are going to relate these results to neural
systems. Within 500 millisec we see first an advantage con the
cued side and then an advantaage toward the high probability side
whether cued or not.

The change in attention that occurs in covert orienting
can te seen to involve three more elementary mental operations.

These are shown in Figure 3. They include disengagement from

-t - - - - - -

the current focus of attention which may in this task te at
fixation, rnovement across the visual field from the current
location of attention tc the target and finally, engagement in
the target. The time to disengage attention from a current focus
is a function of the depth of processing at that focus (LaBerge,
1974)., That is, subjects more heavily engaged in processing a
stinulus at some target location will take longer to produce
disengagement. There is evidence that attention movements are in
sone sense an analog operation, Kosslyn's mccdel indicates that
the scanning of a visual images is analog and his own data fronm

experiments requiring soubjects tec access different locations in

S
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an image shows a linear relationship between RT and the distance
from the current location cf attention to the target location.
Tsal (1983) has shown similar linear relationships between the
distance of a visual target from fixation and the time following
a cue when one obtains maximum facilitation at the target
tocation, His data indicate that attention moves at the rate of
about 8 millisec per degree. This figure fits quite well with
the data shown in Figure 2 in which a target about 7 degrees
from location shows facilitation by about 50 millisec fcllowing
the cue. More direct evidence of an analog movement across the
visual field has been obtained by Shulman, Remington & McLean
{1979) who showed faciliation of probe events at intermediate
locations between fixation and the target occurs at times
intermediate between introduction of the cue ana finding maximal
facilitation at the target location,

Once attention reaches the target location, it seems
reasonable to postulate that it will take more time to engage
the target task depending upon the complexity of the information
processing necessary to reach the level of the system
corresponding to the task instructions given the subject.

A final characteristic of the demonstration experiment
illustrated in Figure 2 1is the tendency for the advantage of the
cued side over the uncued side to dissappear over time. Ve
(Posner & Cohen, 1984) believe that this is due to an inhibitory
effect of the peripheral cue. This inhibition is seen most
clearly if attention is summoned first to the periphery and then

back to fixation. The previously cued location is now inhibited
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in comparison to other locations, Thus, it is possible by using
peripheral cues to study time locked facilitation followed by
inhibition, lInhibition is striking in Figure 2 when one conmpares
the dottea triangles with the solid circles at 500 millisec
celay. Both these conditions represent Jocations at which a
target will occur with .8 probability, but the latter is on the
side that was formerly cued. Even though the cue has disappearecd
this side is slower than the comparable uncued condition.

Posner and Cohen {1984) have proposed a hypothesis
concerning the functional significance of these time locked
phasic changes in facilitation and inhibition., We argue that
facilitation is achieved by the alignment of a central
attentional system with the pathway indicated by the cued event.
This view is implied by the finding that both central and
peripheral cues produce facilitation. Inhibition depends more
upon the sensory information presented in the cue since there is
no inhibition following the central cue,

According to this functional hypotheses, facilitation and
inhibition work together in the process of visual orienting in
the following way. When the eyes are fixed, a peripheral visual
stinulus tends to summon attention rapidly to its location,
Attention marks this area and gives priority to information
there. Thus, cued locations are processed faster, Under sone
conditions a movement of the eyes will follow in the direction of
the facilitated area. As the eyes move, attention is reoriented
back to the fovea. It is not necessary for an eye movement to

induce attentional orienting to the fovea since there are




14

conditions in which facilitation moves in retinctopic coordinates
(Posner & Cohen, 1984), However, in most situations the fovea is
favored because objects of interest tend to Le foveated and also
because it serves to keep attention and the fovea coordinated
during successive changes of eye position. When one reorients
away from the target by an eye movement, the previously
facilitated target location is inhibited so there is a bias
against returning the eyes to the previously cued environmental
location. While inhibition occurs with and without eye moverents
(Posner & Cohen, 1984) it appears closely related in a functional
sense to the eye movement system. Thus, the inhibition effect
would serve as one of many neural systems designed to favor
novelty over repetition. In accord with this hypothesis, it

has been found that inhibited positions are less likely to

draw the eyes back to them (Posner, Choate & Vaughan, in
preparation; Vaughan, 1984},

While this hypothesis remains speculative, it does suggest
that there are functional advantages for the component
facilitations and inhibitions that have been found in experiments
on spatiail orienting. Thus they tend to Tink the component
facilitations and inhibition to important ecological factors in
the subject's visual environment,

Neural Systems

I hope the foregoing indicates that the study of covert
orienting has provided a reasonably simple but rich functional
model of an internal cognitive operation. Moreover, the ability

to describe the operations of covert orienting in terms of time
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locked component facilitations and inhibition suggests that it
can be related to underlying neural systems as well, For a
hundred years in clinical neurology it is known that lesions,
particularly of the right parietal lobe produced problems that
can be described, at least in part, as a cifficulty in

orienting attention to the side of space contralateral tc the
lesion (see DeRenzi, 1982 for a review). These results from
clinical neurology of course fit with the material that we have
mentioned from EEG studies showing a reduction in the N 100 when
patients with parietal lesions had their attention directed

to one ear (Naatanan, 1982) and for single cell recording
results suggestion that cells in the posterior parietal lote shcw
selective enhancement {(Wurtz, et al, 1980),

Ve have been studying such patients using experiments like
those illustrated in Figure 2 (Posner, Cohen & Rafal, 1982;
Posner, Walker, Friedrich & Rafal, in press). Figure 4 shows
the data of one typical parietal patient, Recently we have
summarized similar data from thirteen st <h patients (Posner, et

ai, in press). This particular patient, R.S. had a

- m wm wm w e m e m s = @ = -

Insert Figure 4 about here
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right parietal tumor which was excised, removing most of the
right parietal lobe. In this study, 80% of the taragets were on
the cued side, The target remained present for only one secona
and we waited five seconds for a response. The patient serves as
his own control because we contrast responses to targets on the

contralateral side whith go directly to the lesioned hemisphere,




with targets ipsilateral to the lesion which go directly to tre
intact hemisphere. We reasoned that if parietal lesions
interfere with covert ortenting of attention, we ought to

find great difficulty in the subject orienting to targets
opposite the lesion,

For trials where the target is on the cued side {solid
lines) this patient showed a small but consistent advantage to
targets ipsilateral to the lesion over those appearing
contralateral to the lesion. In fact, some of the parietal
subjects that we have run show no advantage on cued trials
between the two sides. The time between the cue and the target
did not affect this relationship strongly, suggesting that the
results were not mediated by eye movements and also suggesting
that the effect of the cue was similar irrespective of the side
on which the cue occurred.

We can next examine the relation between ipsilateral
targets on the cued and uncued sides, These are shcwn by the
triangles. There is a clear cuing effect that emerges by 550
millisec after the cue., This is a relatively slow cueing effect
compared with our normal subjects. MHowever, the advantage for
the cued side is of a size that approximates normal, We have
founa parietal patients who show both rapid ana slow cuing
effects,

The results are strikingly different when targets are
presented on the side contralateral to the damageu hemisphere.
If attention is drawn to the good side by a cue (open circles)

there is massive inteference with the processing efficiency of
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tne target., At short intervals this effect is so great* in
subject R.S. that the patient usually does not detect the target
within the five seconds allowed, This represents a confirmation
of fincdings in clinical neurology where on double stimulation the
subject is unable toc report information contralateral to the
lesion, However, even with intervals of 1000 millisec so that
the cue is gone from the field there is massive interference with
reaction time.

In further work (Posner et al, in press) we have found
the same massive interferencé when we brighten the central box
thus drawing attention to the fixation location. The central
cue provides no information on target location and yet it
produces a massive interference with reaction time. This
suggests subjects have difficulty with the mental operation which
we call disengage, That is, they seem to be able to move their
attention normally once it is disengaged but they have difficulty
in cdisengaging to any event that occurs in a direction
contralateral to the lesion.

Our results wité parietal patients contrast rather strongly
witn lesions of the mid-brain obtained from patients suffering
from progressive supranuclear palsy (Posner, Cohen & Rafal,
1982). These patients show a progressive loss in the ability to
move their eyes in vertical directions while often maintaining
for some period of time the ability to move their eyes in the
horizontal direction. If we compare covert orienting to targets
in a vertical direction with those obtained with targets in a

horizontal direction wo find that while subjects .are able to
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orient covertly in either direction when targets occur in a

vertical direction the orientation is slowed., This slowing

of orienting on both cued and uncued trials suggests that lesions
of the mid-brain areas produce inteference not with the aisengage
but with the move operation.
Conclusions
I believe that the studies of covert orienting using

chronometric paradigms with normal and brein injured subjects,

event reltated potential methods, and single cell recording
provide <considerable evidence in support of the viewpoint
outlined in our general framework. While the framework is
rather general in orientation it does suggest some differences
from views commonly asserted concerning the relationship
between cognition and brain processes.

First, some psychologists (eg Neisser, 1976) have rejected
the study of elementary mental operations by chronometric
technigues because they do not seem neither ecologically valid
nor 1inked to the underiying biology. It seems toc me that
the general framework outlined in Figure 2 provides deep and
detailed links between these experimental studies and the
underlying biology of neural systems.

Second, other critics have suggested that the event related
potentials provide no meaningful links to the level of analysis
at which individual neural cells perform information processing
operations. However, the degree of convergence between EEG
methods and single cell methods within our model spatial task

seem to suggest that both are giving meaningful measures




of underlying mental operations in the paradigms that we have
studied,

Third, there is no apriori way to ensure that the elementary
mental operations postulated by computational models at the
cognitive science level have a relationship to the mental
activities that people perform. However, chronometric studies
showing rather beautiful time locked relationships between
component facilitations and inhiitions and these mental
operations seem to suggest that in fact such theories often do
postulate mental operations that are natural for human subjects
to perform and provide meaningful analysis in terms of
underlying components.

Thus the evidence seems to provide significant 1inks between
each level outlined in the general framework. Such links are
particularly useful 1in being able to proviage the family
of a patient suffering from a brain insult with information
concerning cognitive deficits that are most likely to result,.
WHe are a long way from having a theory sufficiently deep to do
this but it appears that the kinds of links that we have been
able to achieve do provide the possibility for more detailed
clinical application.

In this paper I have attempted to provide something of an
overview of modern cognitive science in relationship to the
question of how cognitive processes are instantiated in neura)
systems, It is clear that this is a complex and largely
unanswered question, However, I hope that I have provided some

guide to the growiny literature that suggests a possibility that
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detailed theories linking cognitive processes to neural systems

and indeed to single cell activity will become available in

future years.
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Figure Captions
A general framework for the linking of cognitive tasks
to underlying neural systems, The top two rows represent
active areas of cognitive science (dividing complex tasks
into elementary operations), the third row indicates
experimental psychology of the type described in this
paper. The bottomn rows deal with underlying neural
populations and single cell activity,.
Results of an experiment on covert orienting with 12
normal subjects. The solid figures (triangles, circles,
squares) are for trials with targets on the cued side;
the open figures on the uncued side. The dot-aash lines
are results from day one where targets are equally likely
to occur on the cued and uncued side., After day 1 six
subjects were run in a condition where the targets
occurred on the cued side .8 of the time and uncued .2
(solid lines). The other six were -~un in a condition
where the targets occurred on the cued side .2 and
the uncued side .8 (dash lines). After Posner, Cohen &
Rafal, 1982, (see text).
Three putative elementary operations involved in covert
orienting task,
Results of one iliustrative right parietal patient in the
covert orienting task. The basic results for target in
the right visual field (triangles) resemble normals, in
the left visual field (circles), however, there is a

profound disrupticn with the efficiency of orienting to




r—-———————-—————-———-—___r

an uncued target. Cued targets are indicated by solid

lines and uncued by dash lines. After Posner, Cohen,

Rafal, 1982. (see text).




1. This paper was delivered as an invited address to the EPIC

VII meeting in Florence, Italy, September, 1983, The
theoretical framework was developed under ONR Contract No.

NO0O14-83-K-1601 to the University of Oregon,




1 2anbrd
ALIAILOV.
S1130 TAILISNAS LHOLT INTWIONVHNY HAIID4TAS - 9VINTIZ0
UdOT INLITYVG o00gd
(SATNDI'TTIUD dOIHIdNS) NIVUBUIN- ALIAILVOAN ONISSIO0Ud SWILSAS TVENAN
AVMHLYVA IIGIHNI . SISRTVNV
NOILVD0T 3IVIITIOVA AVMHLVd 3LVIITIOVL ININOJWOD
. _ HO0Z ‘dWVN SNOILVH3dO0
3OVONZ ‘NOW ‘FOVONESIQ ‘NVDS ‘1XAN ’ KNVINIHWITI
A X4IIVRI
ONIINIINO I¥IAOD ININVAdS ‘ONIQVIY ASVL
SATINVI SITIAVXA T3A21
TVYINID

ASVL ONIINAINO IHIAOD

SHALSAS TVMAEAN NV NOILINDOD




500

480

A b 20 % cued
v A ™ 050 % cued
460 \ \ ® 080% cued

440-
420-
400-

380+

keaction Time imsec.)

360

340~

»[ Cue

—

T I I T T
O 100 200 300 400 500

Interval Cue to Target (msec)




obobu3

b i . e

SNON

abobuasig




500071 774

4000 - \
\ Left Target

S Right Target
3000+ \ o Tent arg

(msec)

2000 \

o
—
“——
Y
-

1000~

Reaction Time

600 -

500-

400

1

1 -l ] 1 |
200 400 600 800 1000
Interval Cue to Target (msec.)




}

"l..g..--.------------------u-l---lIl-ulllllllllllllllllll-l-l-l--n--------t

Jregon/Rasner

Navy

Loor. 2¢ Aiken

Navy Pargonnel R&D Center
San Diego, Ch %2(52

i Dr. Thoaas Sticht

.o

Navy Personnel R&D Center
3an Diegn, CA 92:%2

COR fabert J. Biersaer

Naval %ed:cal RiD Coamand
Nat:cnai Naval Medical Center
Bethesgz, MD 20814

Dr. Nicx Bend

04t128 o Naval Research
Liaison Dfsice, Far East
AP San Francisco, CR 9202

i ur. Freg Chang

—

—

.-

-

Navv Personnel R&D Center
San Diega, CA 92152

br. Staniey Coilyer

D¢¢1ce of Naval Technology
800 N, Quincy Strest
Arl:ngton, V& 22217

COR Mikg Curran

B¢¢ice of Naval Research
BOO N, Zuincy S5t.

Coag2 270

Arlington, ¥h 222i7

Dk, PAT FEDERICD
Cade P13

NPROC

San Diego, CA 92132

Dr. Jia Hollan

Code 14

Navy Personnel R & D Center
San Diego, CA 921352

Or. Ed Hutchins
Navy Personnel R&D Center
5an Diego, LA 92!32

Or. Norman J. Kerr

Chiet o+ Naval Technical Training

Naval Air Station Meaphis {75)
Millington, TN 38054

leMay-34

Navy

1

Udr, wiiliae . Maloy 02

Chief of Naval Egucation and Traiwing
Naval Air Station
Pensazale, FlL 2306

v 0r. Joe Mclachlan

v

--

o

-

—

—

.-

Navy Fersonnel RYD Zenter
San Diege, CA 22152

Or Williap Rontague
NFRDC Code i3
3an Diegc, A 32182

{ Library, Cage F20LL

Navy Personnel R&D Canter
San Diegc, CR 9IlI2

Technical Directar

Navy Personnel RYD lenter
3an fiego. Ch 2152

Coasanding (< .cer

Naval Research Latoratory
Code 227

Rashingtor, DT 20350

Dfsice of Nava: Research
Code 433

BOC N. Quincy 55trest
Arlington, V& 22217

Off1ce of Nave! Resear:ch
Code 44INP

B0¢ N. Quincy Street
Arlington, VA 22217

Persannel & Training Rzsearch 5roup
Coge $32°7
Office of Naval Reszarch

A—y

Arlington, VA Ili!

Psychologist

ONR Branch Office

1030 East Green Strest
Pasagena, CA 2110}

Oftize of the Chieé of haval Soerations
kesearch Developmert ¥ Studies Brianch
op 11c

Washingtor, o0 20750

Dr. Bernard Riaiang (0.0
Navy Personnel R Center
San Diegs, CA 92152




regon:Fosner 21-May-24

fyos

.-

—

Navy

Ir, Ropert G, Saith

Qffica of Chies of Naval Qperations
Jp-2g7u

aasningeor, 0C O3S0

Ir. Aléred 7. Saode, Dirzctor
Jeaartasnt N-7

Naval Training Equipaent Czater
orlango, F. 32813

2r. Richari Snow

.1aisgn Sciemtist

Jéf1ca gé Naval Aesearch
Branch O4fice, Loadan

3ax 29

770 New Yark, NV Q9St0

Br. Richard Saransen
Navv Personnel R0 Canter

[N s ]

Zan Diego, Ch 92:%2

or. Thosas sticnt
%avy Persannel 4D Canter
Zin Diego, CA 2

Rager Weissinger-3daqion

Japartaent of Ndaznistrative sciances
Naval Postgraduate Schaol

“antersv, JA 15340

Marine Corps

! Special Assistant for Marine

Lorps Matters
~ode 100M
0¢sice of Naval Resedrcn
300 N. Quincy 5t.

4an

Arlington, VA 22217

IR, A.L. SLAFKOSKY

SCIENTIFIC ADVISOR (CODE RD-

M3, U.3. MARINE CORPS
WASHINGTCN, 3T 20780




Crazon/Posaer I1-May-84 !
Arsv Air Ferce
$ Techracal Director o ou.S. Alr Foree Zedice of Strenliii
U, S. Arsy Research Institute <or tre Research ,
Behavioral and Social Sciences Lite Sciences Uirectoraté, w. :
. 1
5001 Eisennhower Avenue Goliing hir Force Base ’
Alexangria, VA 22330 washingtor, 0 20732

-
-

Ccasander, U.5. Arev Research lnst:tute Dr. garl A, Alluaisi

$or *he Behavioral & Social Stiences HG, AFHRL {AFSC:
STTN: PERI-BR (Dr. Judith Orassnu: Brooks AFB, TY 73275
500! Zisenhower Avenue
Alexandria, YA 22332 2 Pr. kavaong . Christal
AFHRL/MOE
U Dr. Robert Sasaor kroors AFE, TX 72075

u. 5. Arey Research Institute for tne
Behavioral and Social Sciences

Ir, Aiéred R, Freglv

5001 Eisenhower Avenue AFOSRINL
flexangria, VA 22237 folling AFB, DC 20332
1 Ur. Bensvieve Nagdad

Program Manager

L.fe Sciences lirsctorate !
AFOSR

%oiling AFB. 3C 20332

Dr. John Tangney
AFOSR/HL
kelling AF3, DC 2UT02

Dr. Joseph Yzsature
AFHRL/LRT
Loary AFE, £D 80230

—




‘regon - fosiaer 21-May-34

Doparteent ¢r Jarense Liatian agencras

12 Iafense Tachailay infcradtion Center Ir. cverett Faiser

.-

Caseran Suat.om, 9143 9
Alerangria, JA 12718

abane T
Al O

Y1litary Assistant ‘or Training and

rersonne! Tecnnology

Jtite of the dnger Serretars of Defens
+or Research: § Epgineering

Agza JD1I9, The Pentagon

aasatagter, 0T 20301

Ma-or lace Tharpe

JRARA

L4500 Wilson Blvd,
A

1nn

Arliagton, ¥

2

Sr. %pgert A, Wosher
JL3DRE CECE

The Pertagar, Fpoa IDMIS

washington, o€ 20370

maii Step 233-3
NASA-2nes Research [enter
M3ftett Field, CA 94035

Or. apseph L. Young, Dirsctor
vesorv & {ognitive Processes
Nat.onal Science Foundation
Aasrington, OC 10556




Iregon/Pesner

Private sezteor

9r. Jonn R, Andersgn
Dapartaent of Fsychalagy
Carneg:e-"elion nivercity

prrsshurgh, PA 1SIL0

fr. Aian Bagdelev
meoica: Research Council
Apglled Pswenholsgy Unit
1S Chavcer Foa:
Caabriega 037 2%F
ENGLAND

 Patrici3 Bagoett
Jepartsent 3¢ Psychology
dmiversity 2+ Celorago
Boulder. CG 80309

wr. Avren Barr

Jeparzaent of Casputer Science
Stanford Uriversity

St3nfors, CA 34305

Or. Menucha Birenbaus
Schapl of Education

Tel Aviv Umivers:ty

T8l Aviv. Ramat Aviv 59978
wsrael

gr. Jonn S, Brown
YEROY Palo Altu Researcn Center
oo -

1333 Covote Rsao
Palc Alto, CA 96304

+ Or. Glenn Brysr
5208 Poe Road
3ethesda, M0 20817

+ Dr, Bruce Buchanan

Departsent of Cosputer Science
Stanford University

Stansord, CA ©430%

—

9r, Alan Baddeley
Medical Researzh Council
Applied Psychelcgy Unit
15 Chaucer noad
Cambridge C32 ZEF
ENGLAND

Dr. Jaise Carbonell
Carnegie-Melian Univers:ty
Departsent of Psychology
91¢tghurgh, PA 15213

-

RELHAE

".l.l.......'-..-..-.-.-.......'...'."-.-..-..-..-'.-.'-l-lIIllIllllll!llIllllI.-I.'ull

.-

—

—

Priovate Seitor

Or. Fat laroerter
Departaent 0F FSYCSi g
Larnegre-Mellon Unisersil
Pittsburgh, PR OLEIEC

or. Micreline Che
Learning R & D Center

University o fitisturgh
3939 Q'Hars Sirset
Uyrtshuran, FA 27

Or. Will:aa Clancay
Department of -amputer St.eat
Stantore University

stantord, Ca 34306

9r, Alien M. Cpilins

Bolt Beranek & Newean, lac.
50 Nouiter Street
Camprigge, MA 02138

Dr. Lynn n. Cooper

LRDE

University o4 Pittsgursn
3979 S7Hara Street
Fittsburgn, P& 12217

Br. tesanuel dCnchin
Department of PsychalcQy
University of iilinoie
Thatpaign. IL 61820

Dr, jeférey Elman

spiversity of Califormie, 5ar Jiege
Departreal of Linguisiics

La Jolia, Ch 920837

ERIC Fecility-aAzguisitions
4877 Rugbyv Avenue
wethesda, MD 2U014

dr. Anders Ericeson
Department of Fsyehoiagy
university of Colorase
Beulder, CO BCI09

Mr. Wailace Feurzeig

Departaent of Educational Techncicgy
Bolt Beranel } Newaan

1¢ Moultor St.

Zaabridge, %A 02273




v

Friovate Secror

Frafesscr lonalg Filigeraic
dniversity 24 New Ioziand
ave.

arapdaie, New South wales ITEI
AUSTRAL IR

Jr. Jona 3. Freger.isen
3n0it Beranak ¥ Newear
20 Moultan 3Street

A T

Tadoridge. %A 01i3

Ir, Zor Zaacrer

N73r fOr Mulen rforaaticn Procassing

E
Jaueersity o6 Calidtermia, 3an diegc
N

Jaila, TR 32097

or. leare Sentter
3oit Berane: ¥ New2an
©) Moultaa st

.

Zamarizge, MR OZIIE

Ir. Zopert Slaser

“garning lesaarch Y Jsveisgaent
sniversite of 2ittstuersh

175 J’Hara 3traet

SITTEBURGH, P&

-
)

D77 Ravensweng Svenus
Mzrig 23rv, IR S4Q2S

Ir. lain.sl ocher

Sacultv M [ndustrizi Engineering
Y “anagesent

TIIANION

4310 20

{3RAZL

. 3arcara Hayes-igth

.partaan* a¢ Txaputer Science
tanforg University
tanferd, 28 T30S

lapter

ri:ate Sector

r. igan . ~elisr

Sraguate 3roun in Science &nl
Mathemat:zs fduzaticn

cf0 School St ciucatian

Jnrversity of Zaiifornia

Bervelay, JA 34700

3r. capes . ~gtéman

Department 2f Psycholagy

University 94 Qeisware

Newari, [E (97!

Mgiig%a Holizn:

dmerican inshitutes far Researin
19SS Theess Jetdersan 5:.. N.d.
Hashiagtan, 0C 0947

Glanda Arzenwajs, E4.

suman Intellygencz vews.ztter
] 1,

%, X Ber lled
Jirernghaa, MI 4222

1
Deg' *f Feyenology
~a.t_l= Wt 2g1ac

Gr, Marcei Just

Jepartaent cof Psvonolicgy
farnegue-Pzi o University
Pittehurgh, #4 15203

Or. Skeven ¥, vaole
Dapt, of Fevcheiagy
university 3 lreqen
Eugene, 3R 37403

-~ -
Or, S2ott <30

T Sedbn

ﬂasa:ns Laborator.es, in:
A=

270 Crown Straet
New Haven, U7 Ssll

r. David {ieris
epartsent cof Fsvehelsgy
University cé dricana

Tugran, AL 35720

or. ¥aizar Yintzch
Separtsent of fs,chalogy
University of Coloraas
Beuider, C2 3070




Jregon/Posner ISELFRT-T

.-

--

-

Dr, Geyig vianr

Depariaent 0° Psycho.ogy
Carnegie-Meiion Univers:ty
Scheniev Pare

- A lEﬂl?
frttesurgh, PRI

Ur. Stepher Kosslyn
1276 wriliae James Hall
-

iairniang S
lamdrioge, MA

-
S

32t

r' [
a
n >
LvE)
-
-

Fretsourgh, PQ 15213

Br. Marcy Lanssan

The o, =. Thurstone Psvonometric
-aboratory

tniversity of Nortp Carolina

Davie Hali 0134

Chagal Hill, NC 27514

Or. 011} Larkin
Denarzsent ot Psvchology
arnegie Yelian Universily

t:s;urgh, PaAS2LD

Ir. #lan Lescol¢
Learring RD Canter
“n‘verSXty of "ittsburcgh
3979 {"Hara Street
Bittsaurgh, FA L5260

Dr. Cietevin

University of Caiitforma
it San Diego

Ladoratery fof (omparative
Hugan Cagniticn - BOOJA

La Jolia, Ch 92093

Dr. Sor Lyon
PoJ. Box 44
Higley . Al 85238

Dr. Jay Mclielland
Jepartaent of Psvchology
Nt

Caatrigge, MA 02:39

Dr. Tom Moran
Terox PARC
*yry p

JJJu .oynte Hill Roac
Alta, CA 34304

-

-

-

IS

Private Sector

S, Rilen Ruars
3enaviora: YeInnalogy -actratcrias
1945 £lera Ave.. Fourth “lzor

kedendz Beach, 2A 96277

Or. Jonald £ Norsan
lognitive E: erce, o-0i%
daiv. 2f Californla, Ian
_é Jeila, Ch 92090

Or. Jesze Jrlansky
Zns:::uz= bgr [etense Anairses
18¢1 N, Beauregar? tR.

¥ S le hat B3
nIBAGNArLE, A Jowil

tr, cases w, F2ilegrino
Jniversity of Cairfornia,
Santa Rarbara

Dept. cf Fsychelody

Santa Barapara , R 9Ti0:

Jr. Nancy Fenrington
University of Chicago
graguate School of Business
1101 £, 58th St

Tnicago. 1L o0clT

Or. Martha Paisor
Department o Fsvchalogy
Cagous 30r o4b

:nxverS'tv of laloraso
Boulder, I E0C09

OR, PETER POLSDNM

DEPT. QF PSYIHDLOGY
UNIVERSITY OF £OLORACD
BOULDER, CC 20309

Or. Lynn Reder

Degartaent of Fsvohology
carneqie-Melion Unmiversity
Schenley Pard

Bittsburgh, FA 1S322

Or. Fred Re:¢

Fhysics Departaent
University ¢f Lalitornia
Berkeley, Ch 94720

dr. Lauren fesniih
LRDC

Umversity af Fittsourgh
3939 0’Hara Street
Pittsburgn, P8 1I01




sectr

frioste
"3ry 3. RilEe

fragrag ot I:;ﬁ;:; 3 Sirance

atisn Pracassicg
2% lactderaia, San iego

-3 ig.ia, A 52097

Ar':r -l\r -.33"

Trigra

r. Angres ¥, Foce
ASFICIN (ASTItul3s fOF Rese:
55 Thomas Jessersen St N

-

£33030g%on, 38 1007

.

Tr,oErest Il et
231} Laditatarias
Ao PEETOUI MRS

Zeargra irstitate o Tacnnology
. -
. ¥

ngustr.a. % Svstess

or. David Ruze:nar:
Zgnter 4or vusan inforsaticn Processing

Lk, 31 Jalifornla. 3an liege
-z loitla, 2397093

Saguel

f3.2 ONLLEFELTS

7L oaptmir

Peyenziogy
statian

N RE

Jr, Sdward I, 3aic

deit Feraraed & Vewsz-, [aC,
Ltn Strest

Laopricge, MR 92123

or. gliott Zoloway

fala ynyversity

Jezareaent of Comoursr Sciance
N Gox NS

Yew #3.8n, 17 TS0

Ji-Mav-34

ori.ata Factor

dr, xagtnryn 7. 3n0en”
Psycnolagy Lacartaent
Brown .rieersity
“rovigerca, Al 12910

dr. aggers sterater;

Jent, 2f *sychoiagy
faj2 un:.ersity
30x liA, vale 3tation

New Maven, C7 J5I00
Jr. Rlgert Stavers
z2it Beranes %

.

10 Mouitan St

Camdridge, MA (TI8
ir. Perry a, Thorndve2
“grceptronics, .nc.

S4C Myadiefield ¥pad, a1t
wenio Park., CA 940%C

ir. Souglss Towne

Jniv, of S0, Calidaorm:
Zpnaviorat Technology uaos
1345 8, f‘en. dve,

ra N7
TA T

fzondc 3each.

Tr. fury Yan o@tn
ferox "&RT
v—re -

1337 Civcte mill Feoag
Cajo Sltp, (A Sa70¢

Or. rerth T, We . _ours
ferceptronics, i0C.

545 Mmddletield Raoaq, Zuite
Menlo Farx, Tk 34072%

#illtam 3, ah:tten
Sei] Labdorateries
J0-3i0
Holacei, N

—qye
PO

Chric<opher dickens
Tepartaent % Zsvchaiogy
JnLeersity 3% Lilinn
Thaapaign, [L si82C

ir. Thomas #1cxens
lepartaent of Fevenaicgy
rranz Hail

University of Califarmia
65 dilgarce Avenue

.i5 Angeles, oF YOS

LA

LAk




220 Pasner

Erivate Sector

3 Or. Joseph woh!

Alohatecn. Inc.
2 Burlington Sxecutive lenter
11! Miadleser Turnolre
Suriington, MA 01BOZ

s







